Abstract. Research was conducted to evaluate the tolerance of tall fescue to mesotrione applied during establishment from seed. Nine field studies were conducted over a 3-year period (2004)(2005)(2006) near Knoxville, Tenn., to evaluate the tolerance of seedling tall fescue [Schedonorus phoenix (Scop.) Holub] to mesotrione and quinclorac. The first evaluated tall fescue tolerance to single and sequential applications of mesotrione compared with quinclorac (multiple application study). The second evaluated the timing of mesotrione application on tall fescue injury and establishment (timing study). In the multiple application study, all treatments injured tall fescue 23% or less. Quinclorac reduced tall fescue groundcover up to 17% 63 days after emergence (DAE). Mesotrione at 0.28 kgÁha -1 applied 28 and 42 DAE or 14, 28, and 42 DAE decreased groundcover only 4% and 6% 63 DAE. In the timing study, mesotrione at 0.28 kgÁha -1 applied at 7 and 28 DAE injured tall fescue 17% to 21% 7 and 14 days after application; however, injury subsided to less than 10% by 28 days after application. Only mesotrione at 0.28 kgÁha -1 applied 7 DAE resulted in delayed tall fescue groundcover at 70 DAE. Variation was observed in Fall 2005 evaluations compared with other evaluations, which may be attributable to delayed seeding date and cool, wet conditions. 
Abstract. Research was conducted to evaluate the tolerance of tall fescue to mesotrione applied during establishment from seed. Nine field studies were conducted over a 3-year period (2004) (2005) (2006) near Knoxville, Tenn., to evaluate the tolerance of seedling tall fescue [Schedonorus phoenix (Scop.) Holub] to mesotrione and quinclorac. The first evaluated tall fescue tolerance to single and sequential applications of mesotrione compared with quinclorac (multiple application study). The second evaluated the timing of mesotrione application on tall fescue injury and establishment (timing study). In the multiple application study, all treatments injured tall fescue 23% or less. Quinclorac reduced tall fescue groundcover up to 17% 63 days after emergence (DAE). Mesotrione at 0.28 kgÁha -1 applied 28 and 42 DAE or 14, 28, and 42 DAE decreased groundcover only 4% and 6% 63 DAE. In the timing study, mesotrione at 0.28 kgÁha -1 applied at 7 and 28 DAE injured tall fescue 17% to 21% 7 and 14 days after application; however, injury subsided to less than 10% by 28 days after application. Only mesotrione at 0.28 kgÁha -1 applied 7 DAE resulted in delayed tall fescue groundcover at 70 DAE. Variation was observed in Fall 2005 evaluations compared with other evaluations, which may be attributable to delayed seeding date and cool, wet conditions.
Weed management options during seeded establishment of tall fescue [Schedonorus phoenix (Scop.) Holub; Lolium arundinaceum (Schreb.) S.J. Darbyshire] are limited. Siduron is often applied at planting for preemergence control of warm-season annual grasses such as crabgrass (Digitaria spp.) species (Moshier et al., 1976; Shearman et al., 1980) . Siduron does not control annual broadleaf weeds and has little postemergence activity (Vencill, 2002) . Quinclorac can be used both pre-and postemergence for control of crabgrass and some broadleaf species, but it does not control goosegrass [Eleusine indica (L.) Gaertn.] (Johnson, 1996; Reicher et al., 1999; Vencill, 2002; Zawierucha and Penner, 2001) .
Mesotrione is currently being evaluated for use in turfgrass. Mesotrione inhibits p-hydroxyphenylpyruvate dioxygenase (EC 1.13.11.27), a precursor to plastoquinone and tocopherols (Mitchell et al., 2001; Pallett et al., 1998; Secor, 1994) . The predominant symptom of mesotrione activity is tissue whitening with subsequent plant necrosis. Whitening is attributed to a decrease in carotenoid production resulting from decreased phtytoene desaturase activity. Mesotrione is an indirect inhibitor of phytoene desaturase because plastoquinone serves as a cofactor for phytoene desaturase, the first step in the carotenoid synthesis pathway converting phytoene to z-carotene and successive carotenoids. The lack of tocopherols also contributes to plant death through a decrease in buffering capacity to reactive oxygen species (Matringe et al., 2005) .
Some turfgrass species have been reported to have tolerance to mesotrione. Mesotrione applied at 0.44 kgÁha -1 injured Kentucky bluegrass less than 25% 8 weeks after treatment and controlled crabgrass (Digitaria spp.) more than 80% 8 weeks after treatment (Beam et al., 2004) . Sequential applications of mesotrione at 0.14 kgÁha -1 applied at seeding and 4 weeks after seeding (WAS) of tall fescue controlled crabgrass species more than 90% with tall fescue cover exceeding 90% 22 WAS (Askew et al., 2003) . In comparison, tall fescue groundcover was 15% to 35% less than the nontreated at 22 WAS when treated with quinclorac applied at 0.84 kgÁha -1 at seeding or 0.84 kgÁha -1 at seeding followed by (fb) 0.42 kgÁha -1 4 WAS (Askew et al., 2003) . Tall fescue has also been reported to be more tolerant than Kentucky bluegrass, red fescue, and perennial ryegrass to the p-hydroxyphenylpyruvate dioxygenase-inhibiting herbicide isoxaflutole (Bhowmik and Drohen, 1998) .
Mesotrione provides control of large crabgrass (Digitaria sanguinalis L.) (Johnson and Young, 2002) , smooth crabgrass [Digitaria ischaemum (Schreb.) Schreb ex. Muhl.], henbit (Lamium amplexicaule L.), broadleaf plantain (Plantago major L.), yellow woodsorrell (Oxalis stricta L.) (Askew et al., 2003) , and nimblewill (Muhlenbergia schreberi J.F. Gmel.) (Willis et al., 2005) . Based on these experiments, it was hypothesized that mesotrione could be used during seeded establishment of tall fescue with minimal reduction in grow-in speed. Experiments were conducted to evaluate seedling tall fescue tolerance and grow-in to mesotrione and quinclorac.
Materials and Methods
Research was conducted at the East Tennessee Research and Education Center-Plant Sciences Unit in Knoxville, Tenn., in 2004 , and 2006 . Two separate experiments were conducted to assess turf-type tall fescue tolerance to mesotrione. Expt 1. evaluated single and sequential postemergence applications of mesotrione versus quinclorac (multiple application study). Expt. 2 evaluated tall fescue establishment as effected by timing of mesotrione applications (timing study). The multiple application study was conducted as five separate trials over a 3-year period, whereas the timing study was conducted as four separate trials over a 2-year period. Seeding dates, soil types, and cultivars used are presented in Table 1 . The seeding date for Fall 2005 was delayed as a result of irrigation repairs during September. Although seeding turf-type tall fescue in October is not optimum, it is not uncommon in Tennessee.
All field preparation and cultural practices were kept consistent for all experiments. Previous vegetation was killed with two applications of glyphosate (2.2 kgÁha -1 ) applied 8 and 3 weeks before seeding. Soil was tilled to a 25-cm depth and disked until the seedbed was smooth and fine. Soil was cultipacked to firm the soil, dragged with a harrow rake to remove dead vegetation, and further firmed by rolling with a smooth roller.
Both experiments were seeded with turftype tall fescue at 293 kgÁha -1 pure live seed. For Spring 2006 experiments, ÔKittyhawkÕ tall fescue was unavailable locally; therefore, ÔFalcon IIÕ was used. Starter fertilizer (6N-10.5P-9.9K) was applied at a rate of 200 kgÁha -1 . Seeds were broadcast-applied in two directions to ensure uniformity, lightly dragged with a leaf rake in two directions, rolled with a smooth roller to provide further firming, and covered with a germination blanket (A.M. Leonard, Piqua, Ohio). Trials were irrigated twice daily with %0.5 cm of water to maintain adequate surface moisture for germination. The germination blanket was removed at 14 d after seeding (DAS). In all cases, seed emerged 7 (±1) DAS. All trials were fertilized 14 and 28 DAS at 200 kgÁha -1 with 24N-2.6P-9.9K fertilizer, after which no additional fertilizer was applied. Beginning 14 DAS, trials were irrigated daily at 0.7 cm daily for 4 weeks and then were irrigated every other day at 0.7 cm to supplement rainfall events.
Research plots were arranged in a randomized complete block design with four replicates. Experimental units were 2.25 m 2 (1.5 · 1.5 m). Herbicide applications were made with a CO 2 pressurized sprayer calibrated to deliver 280 LÁha -1 . The spray boom used four 8002XR flat fan nozzles (Spraying Systems Co., Wheaton, Ill.) with 25-cm spacing. Tall fescue injury and tall fescue turf groundcover were visually rated for both experiments using a 0 to 100 scale. For tall fescue injury, 0% equals no visual injury and 100% equals complete plant death. To facilitate discussion, 20% or more injury was deemed as commercially unacceptable injury as a result of the potential detrimental effect on eventual turfgrass groundcover. For tall fescue groundcover, 0% equals no tall fescue turf present and 100% equals complete tall fescue groundcover. In the multiple application study, Spring 2004 groundcover was not rated. Weed species spectrum varied among experiments; therefore, no weed control data are presented.
For the multiple application study, herbicide treatments were made at 14, 28, and 42 d after emergence (DAE). Except for the Fall 2005 experiment, seedling growth stage corresponded at 1 to 2 leaf stage (14 DAE), one to two tillers (28 DAE), and three to four tillers (42 DAE). For the Fall 2005 experiment, seedling growth stage corresponded at 1 to 2 leaf stage (14 DAE), one tiller (28 DAE), and one to two tillers (42 DAE). There were 13 treatments in the multiple application study: mesotrione applied as a single application at 0.14 and 0.28 kgÁha -1 14, 28, or 42 DAE; mesotrione applied as sequential applications at 0.14 or 0.28 kgÁha -1 28 DAE fb 42 DAE; mesotrione applied as sequential applications at 0.14 or 0.28 kgÁha -1 14 DAE fb 28 DAE fb 42 DAE; quinclorac applied as a single application at 1.68 kgÁha -1 14 DAE; quinclorac applied as a sequential application at 0.84 kgÁha -1 14 DAE and 28 DAE; and mesotrione at 0.28 kgÁha -1 plus quinclorac at 1.68 kgÁha -1 applied 28 DAE. All mesotrione treatments contained 0.25% v/v nonionic surfactant (X-77 Spreader; Loveland Industries, Greeley, Colo.) while quinclorac treatments included 0.6% v/v methylated seed oil (MSO Concentrate; Loveland Industries) according to herbicide label recommendations (Anonymous, 2004) . The combination treatment contained 0.6% v/v methylated seed oil. At the initiation of these trials in 2004, mesotrione at 0.14 kgÁha -1 was assumed to be the one-time application rate for potential turfgrass use. Inclusion of the 2· rate of quinclorac at 1.68 kgÁha -1 was included as a comparison with mesotrione at 0.28 kgÁha -1 . For the timing study, herbicide treatments were made at seeding, 7, 14, or 28 DAE. Two mesotrione rates, 0.14 and 0.28 kgÁha -1 , were evaluated at each application timing. At seeding, applications were made after seeding and the final rolling occurred but before the germination blanket was placed. All mesotrione treatments contained 0.25% v/v nonionic surfactant.
Data were subjected to analysis of variance (P = 0.05). Injury ratings for nontreated plots were not included in the analysis as a result of decreased potential heterogeneity of variance. For the multiple application study, separate trials were analyzed as separate environments and the treatment-by-environment interaction was used as the error by which the treatment effect was tested (McIntosh, 1983) . Means were separated using Fisher's protected least significant difference. For the timing study, data were analyzed as a two (herbicide rate) by four (application timing) factorial arrangement, in which the rate by timing within year effect was used as the error component. A pairwise contrast was conducted to evaluate the effect of mesotrione rate, whereas orthogonal contrasts were conducted to evaluate the effect of herbicide timing (Steele et al., 1997 ). Fisher's protected least significant difference is presented as a means of making all possible comparisons and comparison with the nontreated, but these are not meant to supercede preplanned contrasts.
Results and Discussion
Multiple application study. No differences in tall fescue injury were observed between experiments; therefore, data were pooled over experiments. No mesotrione alone treatment injured tall fescue more than 25% regardless of rate or timing ( observed to be more effective than single applications in controlling problem weeds such as nimblewill (Willis et al., 2005) . Throughout our experiments, injury to tall fescue from mesotrione was observed as minor bleached white tissue with no necrosis occurring.
Injury from quinclorac treatments persisted longer than a single application of mesotrione (Table 2 ). Quinclorac at 1.68 kgÁha -1 applied 14 DAE injured tall fescue 20% or more for up to 28 DAA (42 DAE), whereas injury symptoms from mesotrione single applications did not persist longer than 21 d, at which time they were 5% or less. A sequential application of quinclorac at 0.84 kgÁha -1 applied 14 and 28 DAE resulted in less injury to tall fescue 35 and 42 DAE than a single application at 1.68 kgÁha -1 applied 14 DAE. Although these injury symptoms were observed, quinclorac at 1.68 kgÁha -1 is twice the recommended label rate and it is not recommended that quinclorac be applied with a surfactant until 28 DAE (Anonymous, 2004) . Woznica et al. (2003) reported limited reduction in green foxtail [Setaria viridis (L.) P. Beauv.] growth when quinclorac was applied without surfactant. The inclusion of an adjuvant, primarily methylated seed oil, is necessary for proper absorption of the herbicide (Enloe et al., 1999; Woznica et al., 2003; Zawierucha and Penner, 2001 ). Quinclorac injury observed in our research was epinasty and vertical growth cessation. Quinclorac did not induce any chlorotic or necrotic symptoms.
An experiment by treatment effect was observed for tall fescue groundcover at all rating dates (Table 3) . By sorting the data by experiment, analysis revealed differences in Fall 2005 data from other location data; therefore, Fall 2005 data were analyzed separately and all other locations were pooled. An overall decrease in groundcover was observed in Fall 2005, primarily attributed to the delayed seeding date.
Excluding Fall 2005 data, although injury symptoms differences were observed between mesotrione and quinclorac treatments, no differences were observed in groundcover 28 DAE (Table 3) . At 42 DAE, however, all quinclorac-containing treatments decreased groundcover to less than the nontreated, primarily attributable to lingering injury symptoms. Reicher et al. (1999) reported no groundcover reduction to Kentucky bluegrass (Poa pratensis L.) when quinclorac at 0.84 kgÁha -1 was applied at seeding to 84 DAE. Repeat applications and quinclorac rates above 0.84 kgÁha -1 , however, were not evaluated by Reicher et al. (1999) . Similar comparisons to tall fescue were not available. All mesotrione treatments contained 0.25% v/v nonionic surfactant, whereas quinclorac treatments included 0.6% v/v methylated seed oil. The combination treatment contained 0.6% v/v methylated seed oil. All statistical tests were conducted at a significance level of P = 0.05. DAE, days after emergence. at 0.28 kgÁha -1 treatments did not decrease groundcover statistically compared with the nontreated, these treatments did decrease groundcover to less than 60% at 63 DAE.
Comparisons to other research evaluating mesotrione applied at turfgrass seeding are limited. Pre-and postemergence applications of mesotrione were reported to not decrease the eventual grow-in of ÔCrossfire IIÕ tall fescue, whereas turfgrass coverage was reduced 15% to 35% with siduron (6.7 kgÁha -1 ) applied preemergence or quinclorac (0.84 kgÁha -1 ) applied pre-and postemergence (Askew et al., 2003) .
Timing study. Fall 2005 data were analyzed separately as a result of a location-bytreatment effect. When data were analyzed after removing Fall 2005 data, the location by treatment was nonsignificant; therefore, all other data were pooled over location. Excluding Fall 2005 data, no difference was observed between mesotrione at 0.14 and 0.28 kgÁha -1 when pooled over application date (Table 4) . Mesotrione at 0.28 kgÁha -1 applied at 7, 14, or 28 DAE injured tall fescue 9% to 18% 7 and 14 DAA; however, injury decreased to less than 5% by 28 DAA. Tall fescue injury for all other treatments was less than these three treatments at 7 and 14 DAA. Although the highest injury was observed at 0.28 kgÁha -1 applied at 7 or 28 DAE, such injury translated into delayed tall fescue groundcover for only the 7 DAE application.
Greater overall injury and groundcover reduction was observed in Fall 2005 than other trial dates (Table 4 ). In addition, although the Fall 2005 multiple application study and timing study were initiated at the same time, greater injury was observed in the timing study. It was noted that although both studies in Fall 2005 were conducted on the same soil type, the timing study experienced more saturated soil conditions. In Fall 2005, mesotrione at 0.28 kgÁha -1 injured tall fescue greater than 0.14 kgÁha -1 . In general, tall fescue injury decreased and turfgrass cover at 49 DAE increased as the stand age increased from at seeding to 28 DAE. Observations from Fall 2005, although an aberration, reveal the potential detrimental effect of mesotrione when applied during nonoptimal establishment conditions. These data indicate that mesotrione can be safely used for weed management during seeded establishment of turf-type tall fescue from seed with limited negative effects on turf stand grow-in. Cool, wet environmental conditions could potentially increase mesotrione injury to tall fescue. Three sequential mesotrione applications at 0.28 kgÁha -1 was the most detrimental to tall fescue stand development, potentially delaying harvestability of tall fescue sod. Although quinclorac can be applied safely 28 DAE according to label recommendations, mesotrione could potentially be used earlier.
